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© Reference delay generator and electronic device using the same. 



© A reference delay generator includes a delay 
unit (VCO) having a plurality of delay elements (E) 
which are cascaded and respectively have variable 
delay times. The delay unit receives a reference 
signal (ECK) and generates a delayed signal (DCK) 
which is a delayed version of the reference signal. A 
control part (PDD, CT; PLL) detects a, phase dif- 
ference between the reference signal and the de- 
layed signal and generates a control signal (Vc) 



which sets the phase difference to an integer mul- 
tiple of 90 V The control signal is applied to the 
delay elements, so that the delay times of the delay 
elements are changed on the basis of the control 
signal. The control signal is used for, for example, 
controlling a delay circuit (DLC) which includes a 
plurality of delay elements identical to those of the 
delay unit. 
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© Reierence delay generator and electronic device using the 



same. 



_ A reference delay generator includes a deiay 
unit (VCD) having a plurality of delay elements (E) 
which are cascaded and respectively have variable 
delay times. Tne delay unit receives a reference 
signal (ECK) and generates a deiayed signal (DCK) 
which is a deiayed version of the reference signal. A 
control part (PDD, CT; PLL) detects a phase dif- 
ference between -the reference signal and the de- 
layed signal and generates a control signal (Vc) 



whicn sets the phase difference to an integer mul- 
tiple of 90 V The control signal is applied to the 
delay elements, so that the delay times of the delay 
elements are changed on the basis of the contrci 
signal. The control signai is used for, for example, 
controlling a delay circuit (DLC) which includes a 
plurality of delay elements identical to those of the 
deiay unit. 
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BACKGROUND OF THE INVENTION 
(1) Field of the Invention 

The present invention generally relates to delay 
circuits, and more particularly to a voltage (or cur- 
rent) controlled delay circuit capable of generating 
a delayed signal having an adjustable delay time 
based on a phase difference between a reference 
signal and the delayed signal. 



(2) Description of the Prior Art 

Out of physical quantities which can be han- 
dled by semiconductor devices, a voltage gen- 
erated by a band gap reference circuit and a 
frequency oscillated by a crystal oscillator circuit 
are stable physical quantities. The band gap refer- 
ence circuit and the crystal oscillator circuit are 
designed to remove temperature dependence and 
voltage dependence of semiconductor elements. 
The voltage and frequency generated by these 
circuits are wiceiy used for various applications. 
Recently, there has been considerable activity in 
the development of signal generators using crystal 
oscillator circuits. Particularly, a signal generator 
which utilizes the crystal oscillator circuit and a PLL 
(Phase Locked Loop) circuit has been advanced. 
Such a signal generator is capable of generating 
arbitrary frequencies or stabilizing a circuit having a 
little stability by locking it with a precision of the 
crystal oscillator circuit. 

The combination of the crystal oscillator circuit 
and the PLL circuit can define a stable operation 
timing. This stable operation timing is used for, for 
example, a shift register. The shift register shifts 
data in synchronism with a predetermined timing 
corresponding to a rise or fail of a shift clock. 
When the shift clock is stabilized, the shift register 
delays the data precisely. 

It should be noted that the stable timing de- 
fined by the combination of the crystal oscillator 
circuit is synchronized with a clock signal gen- 
erated by the crystal oscillator circuit. Thus, it is 
impossible to operate the shift register in asyn- 
chronism with the clock signal generated by the 
crystal oscillator circuit. 

SUMMARY OF THE INVEN TION 

it is an object of the present invention to pro- 
vide a reference delay generator which makes it for 
a delay circuit to generate a delayed signal asyn- 
chronized with a highly stable and highly precise 
reference signal generated by, for example, a cry- 
stal oscillaicr circuit. 

The acove object of the present invention is 
achieved by a reference delay generator compris- 



ing: 

a delay unit having a plurality of delay ele- 
ments which are cascaded and respectively have 
variable delay times, the delay unit receiving a 
5 reference signal and generating a delayed signal; 
and 

control means, coupled to the delay unit, for 
detecting a phase difference between the reference 
signal and the delayed signal and for generating a 
io control signal which sets the phase difference to an 
integer multiple of 90 \ the control signal being 
applied to the delay elements, so that the delay 
times of the delay elements are changed on the 
basis of the control signal. 
ts The above-mentioned objects of the present 

invention are also achieved by a reference delay 
generator comprising: 

a first delay unit having a plurality of delay 
elements which are cascaded and respectively 
20 have variable delay times, the first delay unit re- 
ceiving a reference signal and generating a first., 
delayed signal; 

a second delay unit having a plurality of delay 
elements which are cascaded and respectively 
25 have variable delay times, the second delay unit 
receiving the reference signal and generating a 
second delayed signal, the delay elements of the 
second delay unit being grouped into a first group 
and a second group; 
30 first control means, coupled to the first delay 

unit, for detecting a first phase difference between 
the reference signal and the first delayed signal 
and for generating a first control signal which sets 
the first phase difference to an integer multiple of 
35 90 \ the first control signal being applied to the 
delay elements of the first delay unit; and 

second control means, coupled to the second 
delay unit, for detecting a phase difference be- 
tween the reference signal and the second delayed 
signal and for generating a second control signal 
which sets the second phase difference to an in- 
teger multiple of 90 \ the second control signal 
being applied to the delay elements of the second 
group, and the first control signal being apoiied to 
45 the delay elements of the first group. 

The above-mentioned control signal or signals 
can be applied to various electronic devices, as will 
be described in detail later. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent from 
the following detailed description when read in con- 
55 junction with the accompanying drawings, in whicn: 
FiG.1 is a block diagram of a first preferred 
embodiment cf :he present invention; 
FiG.2 is a block diagram of a variation of the 
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structure shown in FIG.1; 
RG.3 is a circuit diagram of the structure shown 
in RG.2; 

FIGS.4A, 48 and 4C are waveform diagrams 
showing the operation of the circuit shown in 
FIG.3; 

FIG.5 is a circuit diagram of the structure shown 
in FIG.1; 

FIGS.6A, 63 and 6C are waveform diagrams 
showing the operation of the circuit shown in 
FIG.5; 

FIG.7 is a block diagram of a variation of a 
control circuit shown in FIG.1 or RG.2; 
FIG.3 is a block diagram of a second preferred 
embodiment of the present invention; 
FIG.9 is a block diagram of a structure which 
generates a plurality of different control signals; 
FIGS. 1 0A and 108 are respectively block dia- 
grams of variations of the structure shown in 
RG.9; 

FIG.1 1 A is a block diagram of a first application 
of the present invention; 

RG.118 is a waveform diagram showing the 
operation of the structure shown in FIG.1 1 A; 
FIGS.12A and 128 are block diagrams of a 
second application of the present invention; 
FIG. 13 is a block diagram of a third application 
of the present invention; 

FIGS.14A, 14B and 14C are block diagrams of a 
fourth application of the present invention; 
FIGS.15A and 153 are block diagrams of a fifth 
application of the present invention; and 
RG. 16 is a bicck diagram of a sixth application 
of the present invention. 

DESCRIPTION OF TH E PREFERRED EMBODI- 
MENTS ' — : 

FIG.1 is a block diagram of a delay circuit 
according to a first preferred embodiment of the 
present invention. The delay circuit shown in FIG.1 
is composed of a buffer 3UF, a voltage-controlled 
delay unit VCD. a phase difference detection circuit 
POD. a control circuit CT, and a delay circuit DLC. 
The control circuit CT is composed of a charge 
pump circuit CP and a capacitor C. A reference 
delay generator for controlling the delay circuit 
DLC is composed of the voltage-controlled deiay 
unit VCD. the phase difference detection circuit 
PDD and the control circuit CT. 

Complementary external clock signals ECK and 
EXCK generated by a crystal oscillator circuit or 
the like are ;ncut to the deiay unit VCD and the 
phase difference detection circuit PDD via the buff- 
er BUF. The complementary external clock signals 
ECK and EXCK have a high stability and a high 
precision. The voltage-ccntrolled delay unit VCO 
delays the complementary clock signals from the 



buffer BUF, and outDuts delayed complementary 
signals DCK and XDCK to the phase difference 
detection circuit PDD. which also receives com- 
plementary clock signals CKO and XCKO from the 
5 buffer BUF. The phase difference detection circuit 
PDD generates a first detection signal UP and a 
second detection signal DN on the basis of the 
phase difference between the clock signals CKO 
and DCK^and the phase difference between the 
10 clock signals XCKO and XDCK. The charge pump 
circuit CP charges or discharges the capacitor C 
on the basis of the first and second detection 
signals UP and DN. When the delayed clock signal 
DCK (XDCK) precedes the clock signal CKO 
is (XCKO), the detection signals UP and DN increase 
the delay time of the voltage-controlled delay unit 
VCD. On the other hand, when the delayed dock 
signal DCK (XDCK) lags behind the clock signal 
CKO (XCKO), the detection signals UP and DN 
20 decrease the delay time of the voltage-controlled 
delay unit VCD. A control signal (voltage or current) 
Vc obtained at one end of the capacitor C is ' 
acpiied to the voitage-contrciled delay unit VCD 
and the delay circuit DLC. 
25 The voitage-contrciled delay unit VCD is com- 

posed of a plurality of N cascaded delay elements 
E (N is an integer). Each of the N deiay elements E 
is, for exampie. a voltage-controlled delay element 
whicn changes a deiay time in accordance with a 
30 voltage applied thereto. As shown in FIG.1, the 
control voltage Vc is applied to the N delay ele- 
ments E of the voltage-ccntrolled delay unit VCD. 
Thus, each of the delay elements E is controlled so 
that it has an identical delay time. 
35 It will be noted that the voltage-controlled deiay 

unit VCD, the phase difference detection circuit 
PDD and the charge pump circuit CP and a capaci- 
tor C form a PLL circuit. The identical delay times 
of the N deiay elements E are controlled by the 
4Q control signal Vc so that the delayed clocx signals ■ 
DCK and XDCK lag behind the clock signals CKO 
and XCKO by an integer multiple of 90 * . For exam- 
ple, the delayed clock signal DCK (XDCK) lags 
behind the clock signal CKO (XCKO) by one cycle 
45 of the external clock signal ECK. When the clock 
signals DCK and XDCK lag oen\nd the clock sig- 
nals DCO and XCKO by one cycle, the following 
equation is obtainec: 
T = tN 
so t = T.N 

where N is the number of cascaced delay units E 
of the voltage-controlled deiay unit VCD. T is the 
period (one cycle) of the external clock signal ECK, 
and r is the deiay time of each of the deiay 
55 elements E. Since the period T of the external 
clock signal ECK generated by. for example, the 
crystal oscllaror. is precisely constant, the delay 
time r is also precisely constant. If the delay ele- 



3 



5 



EP 0 476 585 A2 



6 



ments E of the voltage-controlled delay unit VCD is 
supplied to a fixed control voltage, the delay time r 
will be affected by variations in various parameters, 
such as the ambient temperature and power supply 
voltages, characteristic differences among the de- 5 
lay elements E and age deterioration. On the other 
hand, according to the structure shown in RG.1, 
the voltage Vc is always controlled so that the 
phase difference between the clock signals CKO 
and DCK and the phase difference between the io 
clock signal XCKO and XDCK are locked at an 
integer multiple of 90* (for example, one cycle). 
Thereby, the delay time r of each of the delay 
elements E is automatically controlled, so that the 
total delay time of the voltage-controlled delay unit 75 
VCD is always equal to T (= Nr). 

The delay circuit DLC is composed of cas- 
caded M delay elements £ (M is an integer). Each 
of the delay elements E of the delay circuit DLC is 
the same as that of the voltage-controlled delay 20 
unit VCD. The control signal Vc generated by the 
control circuit CT is applied to each of the delay 
elements E of the delay circuit DLC. The delay 
circuit DLC receives complementary input signals 
Sin and outputs delayed complementary output 25 
signals Sout. The delay circuit DLC has a delay 
time equal to Mr. That is, the output signals Sout 
lag behind the input signal Sin by Mr. Since the 
delay time r of each of the delay elements E of the 
delay circuit DLC is regulated by the PLL circuit 30 
composed of the VCD, PDO and CT, the delay 
time of the delay circuit Mr (= M(TN)) is stabi- 
lized. Further, it should be noted that the input 
signals Sin and output signals Sout may be signals 
asynchronized with the external complementary 35 
clock signals ECK and EXCK. That is. it is possible 
to adjust the delay time of the delay circuit DLC in 
asynchronism with the external complementary 
clock signals ECK and EXCK. 

For example, when the external clock signal 40 
ECK has a frequency of 100MHz, N = 50 and M 
= 1, 2, 3, .... the delay time of the delay circuit 

DLC is 200ps. 400ps. 600ps 

It should be noted that a plurality of cascaded 
delay elements are used since the delay times of 45 
the delay elements are not exactly the same as 
each other but fall in a certain range. By using a 
plurality of cascaded delay elements, it becomes 
possible to average (cancel) :hese deiay time de- 
viations. so 

FIG. 2 is a block diagram of a variation of the 
structure shown in RG.1. The structure shown in 
FIG.2 does not handle the ccmpiementary clock 
signals but a single-end clock signal. That is, the 
voltage-controlled delay unit VCD delays the exter- 55 
nal clock signal ECK, and the phase difference 
detection circuit PDD detects the phase difference 
between the deck signals CKO and DCK. Further, 



the delay circuit DLC delays the input clock signal 
Sin and outputs the delayed output clock signal 
Sout. 

FIG.3 is a circuit diagram of the phase dif- 
ference detection circuit PDD, the control circuit CT 
and one of the delay elements E of the voltage- 
controlled delay element VCD, all of which are 
used in the structure shown in FIG.2. The phase 
difference detection circuit PDD is composed of an 
AND gate AND, an OR gate OR, and two D-type 
flip-flops DFF1 and DFF2. The control circuit CT is 
composed of a p-channel MOS (Metal Oxide Semi- 
conductor) transistor Q1, an n-channel MOS tran- 
sistor Q2, two resistors R1 and R2, and two capaci- 
tors C1 and C2. The capacitor C shown in FIG.2 
corresponds to the capacitors C1 and C2. The 
delay element E of the voltage-controlled delay unit 
VCD is composed of three p-channel MCS transis- 
tors Q3, Q4 and Q5, and three n-channel MCS 
transistors Q5, C6 and Q7. 

The operation of the circuit shown in FIG.3 will, 
now be described with reference to FIGS.4A, 4B 
and 4C. FIG.4A shows a case where the phase of 
the delayed clock signal DCK leads that of the non- 
delayed clock signal CKO (thai is, the signal CKO 
lags behind the signal DCK by a period shorter 
than one cycle). In this case, the output signal of 
the AND gate AND. labeled CKO -DCK (FIG.4), and 
the output signal of the OR gate, labeled CKO + 
DCK (FIG.4), are as shown in FIG.4A. Thusrboth 
the detection signals UP and DN are at a high 
level, as shown in FIG.4A. In this case, the MOS 
transistors Q1 and Q2 are OFF and ON, respec- 
tively. Thus, the capacitor C2 is discharged and the 
capacitor C1 is charged, so that the control voltage 
Vc decreases. Since the gate voltages of the MOS 
transistors Q5 and Q7 decrease, a current passing 
through the MOS transistors G3 and G8 decreases. 
Since the MOS transistors Q3 and Q4 form a 
current mirror circuit, a current passing through the 
MOS transistors Q4 - Q7 decreases. Thus, the 
delay element E has an increased delay time 
(signal propagation time). 

FIG.4B shows a case where the clock signal 
DCK is in phase with the clock signal CKO*. In this 
case, the detection signals UP and DN are respec- 
tively at the high and low levels, as shown in 
FIG.4B. Thus, both the MOS transistors Q1 and Q2 
are OFF, and the circuit CT is in the high imped- 
ance state, so that the caoacltors C1 and C2 are 
neither discharged or charged. Thus, the control 
voltage Vc is in the hold state. 

FIG.4C is a case where the phase of the clock 
signal CKO leads that of the deiayed clock signal 
DCK. In this case, both the detection signals UP 
and DN are at the low level, and thus the MOS 
transistors Q1 and 02 are ON and OFF, respec- 
tively. Thus, the capacitor C1 is discharged and the 
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capacitor C2 is charged, so that the control voltage 
Vc increases. In response to this increase in the 
control voltage Vc, the current passing through the 
MOS transistors Q3 and Q8 increases, and the 
current passing through the MOS transistors Q4 - 5 
Q7 also increases. As a result, the delay element £ 
has a decreased delay time. 

FIG.5 is a circuit diagram of the structure 
shown in FIG.1. As shown, the phase difference 
detection circuit PDD is composed of two OR gates 10 
0R1 and OR2. and two D-type flip-flops DFF3 and 
DFF4. The control circuit CT is composed of bi- 
polar transistors Q11 - Q20. resistors R11 - R16 
and capacitors C11 and C12. Tne capacitor C 
shown in FIG.1 is connected between the emitter of 75 
the transistor Q20 and a low-potentiaJ side power 
supply line. The delay element £ of the voltage- 
controlled delay unit VCO is composed of bipolar 
transistors Q21 - Q25 and resistors R17 - R19. 

FIGS.6A, 6B and 6C are waveform diagrams 20 
showing the operation of the circuit shown in FiG.5. 
Since a reference voltage VR1 is applied to the 
base of the transistor Q14. the reference current 
flows through the transistor Q14, the resistor R13 
and the transistor Q16. And the transistors Q16, 25 
Q17 and Q12 form a current mirror circuit. Thus, 
the same current as the reference current in the 
transistor Q16 flows through either Q11. R11 and 
Q12, or Q15, R1.6 and Qi7. As a result, both the 
detection signals UP and ON are level-shifted and 30 
aopear at the base nodes of the transistors Q19 
and Q13, respectively. The transistor Q13 inverts 
the shifted signal DN to drive the transistor Q18. 

FIG.6A shows a case where the phase of the 
delayed clock signal DCK leads that of the non- 35 
delayed clock signal CKO. In this case, the output 
signals of the OR gates ORl and OR2 are as 
shown in FIG.6A. Thus, both the aetection signals 
UP and ON have the Sow level. In this case, the 
transistor Q18 is ON, and the transistor Q19 is 40 
OFF. Thus, the transistor G20 is getting more con- 
ductive, and thus the capacitor C is charged. As a 
result, the control voltage Vc increases. Thus, the 
collector current of the transistor Q25 increases. As 
a result, the aeiay element £ .has a decreased 45 
delay time. 

FIG.6B Is a case where the delayed clock 
signal DCK is in phase with the non-delayed clock 
signal CKO. In this case, as shown in FIG.6B. the 
detection signals UP and DN have the low and high so 
levels, respectively. Thus, the transistor 013 is ON. 
At this time, the transistor Q13 anc Qi9 are OFF. 
Thus, the base node of the transistors G20 is in the 
high impedance state, so that the control voitage 
Vc is held. 55 

FIG.5C shows a case where the phase of the 
non-delayed clock signal CKO leads that of the 
delayed clock signal DCK. in this case, both the 



detection signals UP and DN are at the high level, 
as shown in FIG.6C. At this time, the transistors 
Q18 is OFF and the transistor Q19 is ON. Thus, the 
transistor Q20 is OFF. and the capacitor C is 
discharged, so that the control voltage Vc de- 
creases. Thus, the delay element has an increased 
delay time. 

FIG.7 is a block diagram of a variation of the 
control circuit CT shown in the previously de- 
scribed figures. The control circuit shown in FIG.7 
is composed of an up/down counter UDC, a driver 
DV and a digital-to-anaiog convener DAC. The 
up/down counter UDC has three modes based on 
the combinations of the detection signals UP and 
DN. The first mode is an up count mode, the 
second mode is a down count mode, and the :hird 
mode is a rest mode. The up/down counter UDC 
outputs a digital numeral which corresoonds to the 
analog control voitage Vc generated by the afore- 
mentioned caoacitor C. Then, the digital numeral is 
input to the D/A convener DAC via the driver DV, 
which functions as a buffer. The digital converter 
DAC converts the received digital numeral into the 
analog control voitage Vc, which is appiied to the 
voltage-controlled delay unit VCD and the delay 
circuit DLC. It is also possible to use a PLL circuit 
having another structure. 

FiG.3 is a block diagram of a second oreierred 
embodiment of the present invention, which is 
composed of a first reference deiay generator 
RDGl. a second reference delay generator RDG2. 
a D/A converter DAC2. a controller CTL. a memory 
M£M, and the aforementioned delay circuit DLC. 
The delay circuit DLC is controlled by either the 
reference delay generator RDG1 or the RDG2. The 
first reference delay generator RDGl is configured 
in the same way as the reference delay generator 
shown in FIG.1. More specifically, the first refer- 
ence deiay generator RDG1 is composed of the 
voltage-controlled delay until VCD, the phase dif- • 
ference detection circuit PDD, the up/down counter 
UDC, the driver DV and the O/A converter, labeled 
DAC1 in FIG.8. The voltage-controlled delay unit 
VC3 has N1 delay elements £. The D/A converter 
DAC1 generates a control voltage Vd. * 

The second reference delay generator. RDG1 is 
configured in the same way as the first reference 
delay generator RDGl. The voltage-controlled de- 
lay unit VCD (not shown for the sake of simplicity) 
of the second reference delay generator RDG2 nas 
N2 delay elements E, and the D/A converter there- 
of (not shown) generates a control voltage Vc2. 

The count numeral output by the uD/down 
counter UDC of the first reference deiay generator 
RDGl is input to the D/A converter DAC2 via the 
driver DV. Similarly, the count numeral output by 
the up/dcwn counter (not shown) of the second 
reference delay generator RCG2 is output to the 



5 



9 



BP 0 476 585 A2 



10 



O/A converter DAC2 via the driver thereof (not 
shown). The controller CTL controls a bus which 
mutually connects the drivers of the reference de- 
lay generators RDGl and RDG2 and the memory 
MEM, and selects one of the count numeral from 5 
the first reference delay generator RDG1, the count 
numeral from the second reference delay generator 
RDG2. and the count numeral in the memory 
MEM. The D/A converter DAC2 converts the se- 
lected count numeral into an analog control signal ro 
(voltage), which is applied to each of the M delay 
elements E. 

Each of the delay elements E in the first refer- 
ence delay generator RDG1 is controlled so that it 
has a delay time rl, and each of the delay ele- rs 
ments E in the second reference delay generator 
RDG1 is controlled so that it has a delay time t2. 
When the controller CTL selects the reference de- 
lay generator RDG1, the delay circuit OLC has a 
delay time of Mt1. Meanwhile, when the controller 20 
CTL selects the reference delay generator RDG2. 
the delay circuit DLC has a delay time of Mr2. 

it is possible to store the digital count numerals 
from the reference delay generators RDG1 and 
RDG2 in the memory MEM under the bus control 25 
of the controller CTL. It is also possible to write a 
digital numeral generated by an external device 
into the memory MEM under the control of the 
controller CTL 

The digitized control circuit CT as shown in 30 
RG.7 or FIG.8 is superior to the analog control 
circuit CT shown in FIG.1 or FIG.2. A signal line 
between the control circuit CT and the voltage- 
controlled delay unit VCD and a signal line be- 
tween the control circuit CT and the delay circuit 35 
DLC respectively have a parasitic capacitance in 
order to prevent an unnecessary variation in the 
control voltage Vc. Thus, it is somewhat difficult to 
rapidly change the control voltage Vc. Meanwhile, 
use of the digitized control circuit CT does not 40 
have the above-mentioned problem. 

FIG.9 is a block diagram of a structure which 
generates three different control signals (voltages) 
generated by three reference delay generators 
RDG1. RDG2 and RDG3. More specifically, the 45 
structure shown in FIG.9 is composed of five 
voltage-controlled delay units VCD1 - VCD5. three 
phase-locked loop circuits PLL1 - PLL3. two D/A 
converters DAC2 and DAC3. and a selector SEL 
Each of the loop-circuit PLL1 - PLL3 is made up of 50 
a phase difference detection circuit POD, an 
up/down counter UDC. a driver DV and a D/A 
converter DAC. The voltage-controlled delay units 
VCD2 and VCD3, which are related to the phase- 
locked loop circuit PLL2. are cascaded. Similarly, 55 
the voltage-controlled delay units VCD4 and VCD5, 
which are related to the phase-locked loop circuit 
PLL3. are cascaded. As shown in FIG.9, the 



voltage-controlled delay units VCD1, VCD2. VCD3, 
VCD4 and VCD5 have N1, N2. N3, N4 and N5 
delay elements, respectively. 

The external complementary clock signals ECK 
and EXCK are input to each of the voltage-con- 
trolled delay units VCD1, VCD2 and VCD4. The 
phase-locked loop circuit PLL1 receives the de- 
layed clock signals DCK and XDCK from the 
voltage-controlled delay unit VCD1. The phase- 
locked loop circuit PLL2 receives delayed clock 
signals DCK and XDCK from the voltage-controlled 
delay unit VCD3. The phase-locked loop circuit 
PLL3 receives delayed clock signals DCK and 
XDCK from the voltage-controlled delay unit VCD5. 

The phase-locked loop circuit PLL1 outputs to 
the voltage-controlled delay unit VCD1 the control 
voltage Vc1 which defines the delay time r1 of 
each delay element E, and outputs a digital count 
numeral A/Dout1 to the D/A converter DAC2. The 
phase-locked loop circuit PLL2 outputs to the 
voltage-controlled delay unit VCD3 a control volt- 
age Vc2 which defines the delay time r2 of each * 
delay element E, and outputs a digital count nu- 
meral A/Dout2 to the D/A converter DAC3. The 
phase-locked loop circuit PLL3 outputs to the 
voltage-controlled delay unit VCD5 a control volt- 
age Vc3 which defines a delay time r3 of each 
delay element E. Further, the phase-locked loop 
circuit PLL3 generates a digital count numeral 
A/Dout3. which is not used in the structure shown 
in FIG.9. The selector SEL selects either the con- 
trol signal Vc2 from the D/A converter DAC2 or the 
control signal Vc3 from the D/A converter DAC3 in 
accordance with a select signal supplied from a 
circuit, such as the controller CTL shown in FIG.8. 

It is possible to omit the D/A converters DAC2 
and DAC3. In this case, the analog control signals 
Vc1 and Vc2 are directly applied to the selector 
SEL. 

The voltage-controlled aelay unit VCD1 has a 
delay time equal to Nlr1, and a delay unit consist- 
ing of the voitage-controlled delay units VCD2 and 
VCD3 has a delay time equal to N2H + N3r2. 
Further, a delay unit consisting ,of the voltage- 
controlled delay units VCD4 and VCD5 has a delay 
time equal to N4r2 + N5r3 when the selector SEL 
selects the D/A converter DAC3. 

When N1 = 20 and the frequency of the 
external clock signal ECK (EXCK) is 500MHz, r1 = 
100ps. When N2 = 9 and N3 = 10. 9 x 100 + 
10r2 = 2000. and thus r2 = HOps. When N4 = 
N5 = 10 and the delay time r2 is selected. 10 x 
110 + 100 r3 = 2000. and thus r3 = 99ps. 

It is also possible to modify the voltage-con- 
trolled delay unit VCD4 as shown in FIG.1 OA. The 
delay elements E of the voltage-controlled delay 
unit VCD4 are grouped into two groups, one of 
which is supplied with the control voltage Vc1 from 
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the D/A converter DAC2, and the other of which is 
supplied with the control voltage Vc2 from the D/A 
converter DAC3. When N4 = N5 = 10, various 
delay times r3 are obtained as follows. 
r3 = 99ps for N4 = 9 x 100ps + 1 x 11 Ops 
t3 = 98ps for N4 = 3 x 100ps + 2 x tiOps 
r3 = 97ps for N4 = 7 x 100ps + 3 x 1 10ps 
r3 = 96ps for N4 = 6 x 100ps + 4x 11 Ops 
r3 = 95ps for N4 = 5 x 100ps + 5x 11 Ops 
r3 = 94ps for N4 = 4 x 100ps + 6x 110ps 
t3 = 93ps for N4 = 3 x 100ps ^ 7x 11 Ops 
r3 = 92ps for N4 * 2 x 100ps + 3x 11 Ops 
t3 a 9lps for N4 = 1 x 100ps + 9x 11 Ops 
r3 = 90ps for N4 = 0 x 100ps + 10 x 11 Ops 
When r3 = 99. the total delay time of r1, r2 and 
r3 is equal to 309ps. When r3 = 91, the total 
delay time of rl , r2 and r3 is equal to to 301 ps. 
The total delay time can be used for controlling the 
circuit DLC. In this way, it is possible to obtain 
highly precise delay times. It is possible to use the 
control voltages Va, Vc2 and Vc3 in order to 
control asynchronous delay circuits. 

It is also possible to configure the voltage- 
controiled delay unit VCD4, as shown in FIG. 1 0B. 
Selectors SEL are respectively provided for the 
delay elements E. Each of the selectors SEL se- 
lects either the control signal Vd or the control 
signal Vc2 In accordance with a select signai con- 
sisting of a plurality of bits, which includes data 
about the address of the selectors SEL and data 
indicating which one of the control voltages should 
be selected. The select signal may be generated 
by a controller as shown in RG.8. 

FIG.1 1 A is a block diagram of a first application 
of the present invention. The first application shown 
in FIG.1 1 A functions as a programmable pulse 
edge adjustment circuit. As shown, the pulse edge 
adjustment circuit is composed of a buffer BUF, 
four delay elements Ea, Eb, Ec and Ed, a gate 
circuit G and a reference delay generator RDG 
formed in the same way as described above. It is 
possible to apply an identical control signal gen- 
erated by the reference delay generator RDG to 
eacn of the delay elements Ea - Ed. which are the 
same as each other. In this case, each of the delay 
elements Ea - Ed has an identical delay time. The 
reference delay generator RDG may receive a sig- 
nai asynchronized mth an input signai Si. It is also 
possible to apply mutually different control voltages 
generated by the reference delay generator ROG 
to the delay elements Ea - Ed. in which the refer- 
ence delay generator RDG induces four reference 
delay generators. In this case, the deiay elements 
Ea - Ed have delay times rl - t4. respectively. The 
total deiay time of the delay elements Ea - Ed 
corresponds to the sum of the delay, times rl - r4, 
Eri. When the gate circuit G is an OR gate, the fall 
edge of the input signal Si is adjusted based on the 



total delay time Eri, as shown in FIG.1 18. Mean- 
while, when the gate circuit G is a NOR gate, the 
rise edge of the input signal Si is adjusted based 
on the total delay time Zt'u as shown in FIG. 1 1 8. 

FIG.1 2A shows a second application of the 
present invention. A plurality of voltage-controlled 
delay unit VCD1 through VCD M are provided on a 
chip. The voltage-controlled delay units VCD1, 
VCD2 and VCD M . which respectively receives the 
to external clock ECK, consist of one deiay element 
E. two delay elements E and M delay elements E, 
respectively. A reference delay generator RDG, 
which is formed in the same way as described 
previously, is provided in common to the voltage- 
is controlled delay units VCD1 - VCD M . and outputs 
the controlled voltage Vc thereto. The reference 
delay generator RDG may receive a signai asynch- 
ronized with the external clock signai ECK. A selec- 
tor SEL1 selects one of the voltage-controlled de- 
20 lay units VCD1 - VCD M in accordance with a select 
signal S SEL generatea and output by, for example, 
an external device or the controller as showrf In 
F1G.3. A selected clock signal CKs is applied to 
internal circuits on the chip. It should se noted that 
25 M highly stable and precise delay clock signals 
can be generated from the external clock signai 
ECK on the chip. By selectively using the M de- 
layed deck signals, it becomes possible to text the 
internal circuits on the chip in various ways. 
30 Further, as shown in RG.12A, a dummy delay 

circuit DDL having a delay time equal to that of the 
selector SEL1 can be provided. The dummy delay 
circuit DDL generates a delayed clock signai CKd. • 
It is also possible to test the internal circuits b y 
35 using the delayed clock CKd and the selected 
clock signai CKs. For example, as shown in 
FIG.1 28, the delayed clock signai CKd and the 
selected delayed clock signal CKs are respectively 
applied to flip-flops FF1 and FF2. which are re- 
40 spectively provided on the input and output sides ■ 
of an internal circuit INTCKT. Thereby, a setup 
check can be executed. It is also possible to apply 
the delayed clock signai CKd and the selected 
delayed clock signal CKs to the flip-flops FF2 .and 
45 FF1. respectively. Thereby, a hold check can be 
executed. 

FIG. 13 shows a third application of the present 
invention which is intended to adjust an 
input/output timing between two chips C?1 and 
so CP2. As shown in FIG. 13, the chip CPl includes a 
voltage-contrciled deiay unit VCD1. and the chip 
CP2 includes a voltage-controiled delay unit VCD2. 
The voltage-controlled delay unit VC01 is con- 
trolled by a reference deiay generator RDG1 
55 formed on the chip CPl, and the voltage-controlled 
delay unit VCD2 is controlled by a reference delay 
generator RCG2. Each of the reference delay gen- 
erators RDG1 and RDG2 may receive a signal 
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asynchronized with the clock signal CK. The 
voltage-controlled delay unit VCD1 receives the 
clock signal CK and outputs a delayed clock signal 
to an input/output buffer 1/01, which operates in 
synchronism with the delayed clock signal CK. 
Similarly, the voltage-controlled delay unit VCD2 
receives the clock signal CK and outputs a delayed 
clock signal to an input/output buffer I/02, which 
operates in synchronism with the delayed clock 
signal CK. The reference delay generators RDG1 
and R0G2 control the voltage-controlled delay 
units VCD1 and VCD2 so that the delays of the I/O 
buffers 1/01 and I/02 and signal lines SI provided 
therebetween are cancelled. The control voltages 
obtained at this time can be stored in memories 
MEM1 and MEM2 under the control of controllers 
CTL1 and CTL2, respectively. It is also possible to 
write data about the control voltages generated by 
an external device into the memories MEM1 and 
MEM2 under the control of the controllers CTL1 
and CT12. It will be noted that the controllers CTL1 
and CTL2 and the memories MEM1 and MEM2 
correspond to the controller CTL and the memory 
MEM shown in FIG.8. The above-mentioned timing 
adjustment can be performed after the chips CP1 
and CP2 are mounted on a board. This means that 
the I/O timing design is no more needed. The 
timing adjustment can be executed in the system 
boot or Initializing sequence, and the resultant data 
will be stored in the memories MEM1 and MEM2. 

HGS.14A, 14B and 14C show a fourth applica- 
tion of the present invention. FIG.14A shows a 
pipeline structure composed of function blocks 
(combination circuits) FB1 and FB2 and three 
groups of flip-flops FF1, FF2 and FF3. As shown, 
clock signals CK1. CK2 and CK3 are applied to the 
groups of flip-flop FF1, FF2 and FF3. Input signals 
are latched by the flip-flop group FF1 and input to 
the function block FB1. Output signals of the func- 
tion block FB1 are latched by the flip-flop group 
FF2 and input to the function block FB2. Output 
signals of the function block FB2 are latched by the 
flip-flop group FF3 and input to a function block 
(not shown) of the next stage. Conventionally, the 
same clock signal is respectively applied to the 
flip-flop groups FF1 , FF2 and FF3. 

Meanwhile, according to the present invention, 
it is possible to respectively aoply different clock 
signals to the flip-flop groups. If it is required that 
the signal receiving timings of some of the flip-flop 
groups on the input side of the pipeline structure 
be slightly delayed as compared with the signal 
receiving timings of the other flip-flop groups, as 
shown in FIG. 148 a delayed intermediate clock 
signal C3 is applied, as the clock signal CK1. to the 
flip-flop group FF1, a delayed intermediate deck 
signal C2 is applied, as the clock signal CK2. to the 
flip-flop group FF2. and a delayed intermediate 



clock signal C1 is applied, as the clock signal CK3, 
to the flip-flop group FF3. The clock signal C1 is 
also applied to each flip-flop group FF4, FF5, 
(not shown). Meanwhile, if it is required that the 
5 signal receiving timings of some of the flip-flop 
groups on the input side lead those of the other 
flip-flop groups, the clock signal C1 is applied, as 
the clock signal CK1, to the flip-flop group FF1, the 
clock signal C2 is applied, as the clock signal CK2, 
10 to the flip-flop group FF2, and the clock signal C3 
is applied, as the clock signal CK3, to the flip-flop 
group FF3. The clock signal is also applied to each 
of the flip-flops FF4, FF5, ... (not shown). 

It is also possible to apply the clock signals 
rs C1 , C2 and C3 generated by the structure shown in 
FIG.14C to the flip-flops FF1, FF2, FF3. ... in the 
same way as described above. It will be noted that 
the input clock signal Sin is asynchronized with the 
external clock signal ECK. 
20 FIG.15A shows a fifth application of the present 

invention, which functions as a clock signal dis-_ 
tribution circuit. In FIG. ISA, those parts which are 
the same as those shown in the previous figures 
are given the same reference numerals. The 
25 CMOS type voltage-controlled delay unit VCD is 
provided on the input side of a clock distribution 
system CDS. A signal obtained on the output side 
of the clock distribution system CDS is input to flip- 
flops FFs (not shown for the sake of simplicity), 
30 and input to the phase-locked loop circuit PLL via a 
variable delay element D0 + . The complementary 
external clock signals ECK and EXCK are input to 
a converter CONV via the input buffer BUF. The 
converter CONV converts the clock signals ECK 
35 and EXCK into a CMOS level clock signal, which is 
applied to the phase-locked loop circuit via a vari- 
able delay element DO-. The phase-locked loop 
circuit PLL compares the phase of the clock signal 
CKO with that of the delayed clock signal and 
40 generates the control voltage Vc so that the phase 
difference is equal to a multiple time of 90 • , (for 
example, one cycle). 

The variable delay elements DO + and DO- are 
adjusted as follows. If DO- = 0 and DO-* (the 
45 sum of the delay of the input buffer BUF and the 
delay of the converter CONV), the delay time be- 
tween the external clock ECK and the clock signal 
distributed to the flip-flops FFs is almost zero. If 
DO- = 2ns and DO + = (the sum of the deiay of 
so the input buffer BUT and the deiay of the converter 
CONV), the clock signal distributed to the flip-flops 
FFs is 2ns behind the external deck signal ECK. In 
this way, it is possible to distribute the clock signal 
having a definite phase relationship with the exter- 
55 nal clock ECK to the flip-flops FFs. 

FIG.15B is a variation of the structure shown in 
FIG.15A. The structure shown in FIG. 158 includes 
the ECL type voitage-contrciled delay unit VCD. 
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The structure shown in FIG.15B operates in the 
same way as the structure shown in FIG.15A. 

FIG. 16 is a block diagram of a sixth application 
of the present invention, which is composed of a 
monitor path circuit MP and an internal circuit 1 s 
INTCKT. The monitor path circuit MP is formed 
with a plurality of cascaded internal gates E. The 
internal circuit INTCKT is composed of a plurality 
of internal gates (delay elements; E of the CMOS. 
BiCMOS or TTL type. A power supply voltage Ve io 
is generated from an external power supply voltage 
Vscr by a variable power source VPS, and is ap- 
plied to each delay element (gate) of the monitor 
path circuit MP and the internal circuit INTCKT. In 
general, propagation delay of a gate, such as 75 
CMOS, BiCMOS, TTL etc.. has dependency on its 
supply voltage. Thus, these gates can be used as a 
voltage-controlled delay unit when their supply volt- 
age is controlled. The phase-locked loop circuit 
PLL compares the phase of the external clock 20 
signal ECK with that of the delayed dock signal 
DCK and generates the control signal Vc which 
cancels the phase difference therebetween. The 
control signal Vc is applied to the variable power 
source VPS, which adjusts the power supply volt- 25 
age Ve on the basis of the control signal Vc. Since 
the power supply voltage Ve applied to the internal 
gates E of rh e internal circuit INTCKT is regulated 
by the control voltage Vc generated by the monitor 
path circuit MP and the phase-locked loop circuit 30 
PLL the delay times of the internal gates E are 
almost the same as each ether. 

The present invention is not limited to the 
specifically disclosed embodiments, and variations 
and modifications may be made without departing 35 
from the scope of the present invention. 

Claims 

1. A reference deiay generator characterized by 40 
comprising: 

a delay unit (VCO) having a plurality of 
delay elements (E) whic.n are cascaded and 
respectively have variable delay times, said 
delay unit receiving a reference signal and 45 
generating a oeiayed signal: and 

control means (POD, CT; PLL). coupled to 
said delay unit, for detecting a phase differ- 
ence between said reference signal and said 
delayed signal and for generating a control so 
signal whicn sets the phase difference to an 
integer multiple of 90 \ said control signal 
be?ng applied to said delay elements, so that 
the deiay times of said delay elements are 
changed on the basis of the control signal. 55 

. A reference deiay generator as claimed in 
claim 1. characterized in that said control 



means comprises: 

phase difference detecting means (POO) 
for detecting the phase difference between the 
reference signal and the delayed signal and for 
generating first and second detection signals 
based on the phase difference; 

a capacitor (C) coupled to said delay ele- 
ments, said control signal being developed 
across-said capacitor; and 

charge pump means (P) f coupled to said 
phase difference detecting means, for charging 
and discharging said capacitor on the basis of 
said first and second detection signals. 

3- A reference delay generator as claimed in 
claim 1, characterized in that said control 
means comprises: 

phase difference detecting means (POD) 
for detecting the phase difference between the 
reference signal and the delayed signal and for 
generating first and second detection signals 
based on the phase difference; 

a counter (UOC) executing up/down count- 
ing operations on the basis of said first and 
second detection signals and generating a 
digital count numeral; and 

converter means (DAC) for converting said 
digital count numeral into an analog signal 
corresponding to sajd control signal. 

4. A reference delay generator as claimed in 
claim 3, characterized in that said counter 
comprises an up/down counter. 

5. A reference delay generator as claimed in 
claim 1, characterized in that said reference 
signal is a CMOS-ievel clock signal. 

6. A reference delay generator as claimed in 
claim 1 . characterized in that: 

said reference signal comprises a first 
ECL-level signal component and a second 
ECL-leve! signal component; and 

said first and second ECL-fevel signal 
'components are comolementary; signal compo- 
nents. 

T. A reference delay generator as claimed in 
claim 1, characterized by further comprising: 

first deiay means (00^), ccupied between 
said delay unit and said control means, for 
deiaying said delayed signal and for output- 
ting, as said delayed signal, a further delayed 
signal to said control means; and 

second delay means (CO-) for delaying 
said reference signal and fcr outputting, as 
said reference signal, a delayed reference sig- 
nal to said control means. 
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8. A reference delay generator as claimed in 
claim 1, characterized in that said reference 
signal is a clock signal. 

9. A reference delay generator as claimed in 5 
claim 1, characterized by further comprising 
buffer means (BUF) for receiving said refer- 
ence signal from an external device and for 
outputting said reference signal to said delay 

unit and said control means. j 0 

10. A reference delay generator as claimed in 
claim 3. characterized by further comprising: 

memory means (MEM) for storing said 
digital count numeral output by said counter; 75 
and 

a controller (CTL) reading out said digital 
count numeral from said memory means and 
outputting said digital count numeral to the 
delay elements. 20 

11. A reference delay generator characterized by 
comprising: 

a first delay unit (VCO) having a plurality of 
delay elements (E) which are cascaded and 25 
respectively have variable delay times, said 
first delay unit receiving a reference signal and 
generating a first delayed signal; 

a second delay unit (VCD) having a plural- 
ity of delay elements (E) which are cascaded 30 
and respectively have variable delay times, 
said second delay unit receiving said reference 
signal and generating a second delayed signal, 
said delay elements of said second delay unit 
being grouped into a first group and a second 35 
group; 

first control means (PLLt), coupled to said 
first delay unit, for detecting a first phase dif- 
ference between said reference signal and said 
first delayed signal and for generating a first 40 
control signal which sets the first phase dif- 
ference to an integer multiple of 90 \ said first 
control signal being applied to said delay ele- 
ments of said first delay unit; and 

second control means (PLL2), coupled to 45 
said second delay unit, for detecting a phase 
difference between said reference signal and 
said second delayed signal and for generating 
a second control signal which sets said second 
phase difference to an integer multiple of 90 * , 50 
said second control signal being applied to the 
delay elements of said second group, and said 
first control signal being applied to the delay 
elements of said first group. 

55 

12. A reference delay generator as claimed in 
claim 1 1 , characterized by further comprising: 
a third delay unit (VCO) having a plurality 



of delay elements which are cascaded and 
respectively have variable delay times, said 
third delay unit receiving said reference signal 
and generating a third delayed signal, said 
delay elements of said third delay unit being 
grouped into a first group, a second group and 
a third group: and 

third control means (PLL3), coupled to said 
third delay unit, for detecting a third phase 
difference between said reference signal and 
said third delayed signal and for generating a 
third control signal which sets the third phase 
difference to an integer multiple of 90', said 
third control signal being applied to the delay 
elements of said third group of said third delay 
unit said second control signal being applied 
to the delay elements of said second group of 
said third delay unit, and said first control 
signal being applied to the delay elements of 
said first group of said third delay unit. 

13. A reference delay generator as claimed in" 
claim 1 1 , characterized by further comprising: 

a third delay unit (VCD) having a plurality 
of delay elements which are cascaded and 
respectively have variable delay times, said 
third delay unit receiving said reference signal 
and generating a third delayed signal, said 
delay elements of said third delay unit being 
grouped into a first group and a second group; 

third control means (PLL3), coupled to said 
third delay unit, for detecting a third phase 
difference between said reference signal and 
said third delayed signal and for generating a 
third control signal which sets the second 
phase difference to an integer multiple of 90*; 
and 

select means (SEL), coupled to said first 
and second control means, for selectively out- 
putting a predetermined one of said first con- 
trol signal and said second control signal to the 
delay elements of said first group of said third 
delay unit, and said third control signal being 
applied to. the delayed elements of said sec- 
ond group of said third delay unit. 

14. An electronic device characterized by compris- 
ing: 

a reference delay generator (RDG); and 
a delay circuit (DID controlled by said 
reference delay generator, said delay circuit 
receiving an input signal (Sin) and generating 
an output signal (Sout) which is a deiayed 
version of said input signal, saic delay circuit 
comprising M delay elements (E) which are 
cascaded and respectively have variable delay 
times where M is an integer, 

said reference delay generator comprising: 
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a delay unit (VCD) having N delay ele- 
ments (E) which are cascaded and respec- 
tively have variable delay times where N is an 
integer, said delay unit receiving a reference 
signal and generating a delayed signal; and ' s 

control means (PDD, CT; PLL), coupled to 
said delay unit and said delay circuit, for de- 
tecting a phase difference between said refer- 
ence signal and said delayed signal and for 
generating a control signal which sets the 10 
phase difference to an integer multiple of 90 * , 
said control signal being applied to the N delay 
elements of said reference delay generator 
and the M delay elements of said delay circuit, 
so that the delay times of the delay elements is 
of said reference delay generator and said 
delay circuit are changed on the basis of the 
control signal. 

15. An electronic device as claimed in claim 14. 20 
characterized in that said input signal applied 

to said delay circuit is asynchronism with said 
reference signal. 

16. An electronic device as claimed in claim 14, 25 
characterized by further comprising a logical 
gate circuit (G) coupled to said delay circuit. 

17. An electronic device characterized by compris- 
ing: 30 

a reference delay generator (RDG); and 
a delay circuit (DLC) controlled by said 
reference delay generator, said delay circuit 
receiving an input signal and generating an 
output signal which is a delayed version of 35 
said input signal, said delay circuit comprising 
M delay elements (E) which are cascaded and 
respectively have variable delay times where 
M is an integer, 

said reference delay generator comprising: 40 
a first delay unit (VCD) having N1 delay 
elements (E) which are cascaded and respec- 
tively have variable delay times where N1 is an 
integer, said first delay unit receiving a refer- 
ence signal and generating a fipst delayed sig- 45 
nai; 

a second delay unit (VCD) having N2 de- 
lay elements (E) which are cascaded and re- 
spectively have variable delay times where N2 
is an integer, said second delay unit receiving 50 
said reference signal ana generating a second 
delayed signal; 

first control means (FDD. UDC. DV, 
DAC1), coupled to said first deiay unit, for 
detecting a first phase difference between said 55 
reference signal and said first delayed signal 
and for generating a first control signal which 
sets the second phase difference to an integer 



multiple of 90 • . said first control signal being 
applied to the N1 delay elements of said first 
delay unit: 

second control means (PDD, UDC. DV, 
DAC1), coupled to said second delay unit, for 
detecting a phase difference between said ref- 
erence signal and said second delayed signal 
and for generating a second control signal 
which,sets said second phase different to an 
integer multiple of 90*. said second control 
signal being applied to the N2 delay elements 
of said second delay unit; and 

select means (C7L). coupled to said first 
and second control means, for selectively out- 
putting a predetermined one of said first con- 
trol signal and said second control signal to the 
M delay elements of said delay circuit. 

18. An electronic device as claimed in claim 17. 
characterized in that: 

said first control signal and said second 
control signals are respectively digital signals, 
and 

characterized in that said electronic device 
further comprises converting means (DAC2), 
coupled to said select means, for converting 
said predetermined one of the first control sig- 
nal and said second control signal into an 
analog signal applied to the M delay elements 
of said delay circuit. 

19. An electronic device characterized by compris- 
ing: 

a reference delay generator (RDG); and 
a pipe line circuit including function blocks 

(FB1, F32) cascaded via latch circuits (FF1, 

FF2, FF3), 

said reference delay generator comprising: 
a delay unit (VCD) having a plurality of 
delay elements (E) which are cascaded and * 
respectively have variable delay times, said 
delay unit receiving a reference signal and 
generating a delayed signal; and 

control means (PLL). coupled to said delay 
unit' and said pipe line circuit, for detecting a 
phase difference between said reference signal 
and said delayed signal and for generating a 
control signal which sets the phase difference 
to an integer multiple of 90', said control 
signal being apolied to said delay elements, so 
that the delay times of said deiay elements are 
changed on the oasis of the control signal, 

characterized in that each of said latch 
circuits operates in synchronism with a de- 
layed intermediate signal obtained at a cor- 
responding one of said delay elements of said 
delay unit. 
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20. An electronic device as claimed in claim 19, 
characterized in that: 

an ith latch circuit among said latch cir- 
cuits receives the delayed intermediate signal 
obtained at a jth delay element among said 5 
delay elements; and 

an (i-H)th latch circuit subsequent to said 
ith latch circuit receives the delayed intermedi- 
ate signal obtained at a (j + l)th delay element 
subsequent to said jth delay element. . to 

21. An electronic device as claimed in claim 19, 
characterized in that: 

an ith latch circuit among said latch cir- 
cuits receives the delayed intermediate signal 75 
obtained at a jth delay element among said 
delay elements; and 

an (i + 1 )th latch circuit subsequent to said 
ith latch circuit receives the delayed intermedi- 
ate signal obtained at a (j-l)th delay element 20 
followed by said jth delay element 

22. An electronic device characterized by compris- 
ing: 

a reference delay generator (RDG); 25 
a pipe line circuit including function blocks 
(F31, FB2) cascaded via latch circuits (FF1, 
FF2, FF3); and 

a delay circuit (DLC) controlled by said 
reference delay generator, said delay circuit 30 
receiving an input signal and generating an 
output signal which is a delayed version of 
said input signal, said delay circuit comprising 
a plurality of delay elements which are cas- 
caded, J5 
said reference delay generator comprising: 
a delay unit (VCD) having a plurality of 
delay elements (E) which are cascaded and 
respectively have variable delay times, said 
delay unit receiving a reference signal and 40 
generating a delayed signal; and 

control means (PLL), coupled to said delay 
unit and said pipe line circuit, for detecting a 
phase difference between said reference signah • 
and said delayed signal and for generating" a 45 
control signal which sets the phase difference 
to an integer multiple of 90*. said control 
signal being applied to the delay elements of 
said reference delay generator and the delay 
elements of said delay circuit, so that the de- 50 
lay times of the delay elements of said refer- 
ence delay generator and said delay circuit are 
changed on the basis of the control signal, 

characterized in that each of said latch 
circuits operates in synchronism with a de- 55 
laved intermediate signal obtained at one of 
said deiay elements of said delay circuit. 



2a An electronic device as claimed in claim 22, 
characterized in that: 

an ith latch circuit among said latch cir- 
cuits receives the delayed intermediate signal 
obtained at a jth delay element among said 
delay elements of said delay circuit: and 

an (i-M)th latch circuit subsequent to said 
ith latch circuit receives the delayed intermedi- 
ate signal- obtained at a (j*l)th delay element 
subsequent to said jth delay element. 

24. An electronic device as claimed in claim 22. 
characterized in that: 

an ith latch circuit among said latch cir- 
cuits receives the delayed intermediate signal 
obtained at a jth delay element among said 
delay elements of said delay circuit; and 

an (i + 1)th latch circuit subsequent to said 
ith latch circuit receives the delayed intermedi- 
ate signal obtained at a (j-l)th delay element 
followed by said jth delay element. 

25. An electronic device characterized by compris- 
ing: 

a reference delay generator (RDG); 
an internal circuit receiving an external sig- 
nal and comprising M delay units (VCD1 - 
VCD M ) where M is an integer, an ith delay unit 

0 = 1. 2 M) having i delay elements E 

which are cascaded; and 

select means (SEL1), coupled to said in- " 
ternai circuit, for selecting one of said .M delay 
units in accordance with a select signal gen- 
erated by an external device, 

said reference delay generator comprising: 
a delay unit (VCD) having a plurality of 
delay elements which are cascaded and re- 
spectively have variable delay times, said de- 
lay unit receiving a reference signal and gen- 
erating a delayed signal; and 

control means (PDD, CT; PLL), coupled to 
said delay unit and said internal circuit for 
detecting a phase difference between said ref- 
erence signal and said delayed signal and for 
generating a control signal which sets the 
phase difference to an integer multiple of 90*. 
said control signal being applied to said delay 
elements, so that the delay times of said delay 
elements are changed on the basis of the 
control signal. 

characterized in that the control signal is 
applied to the delay elements of said M delay 
units. 

26. An electronic device as claimed in claim 25. 
characterized by further comprising dummy 
delay means (DLL) for delaying said external 
signal by a deiay time equal to that of said 
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